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The  objective  of  this  project  was  to  develop  new  chemistry  that  could  be  applied 
to  an  efficient  fuel  cell  operating  directly  on  organic  fuels  under  ambient  or  near¬ 
ambient  conditions.  The  work  was  carried  out  primarily  at  the  California 
Institute  of  Technology  and  the  University  of  Southern  California  (with 
collaborations  with  the  Jet  Propulsion  Laboratory  and  a  number  of  other 


institutions  supported  under  related  programs).  The  approaches  followed  here 
included:  designing,  synthesizing  and  testing  soluble  (metal  complex)  catalysts 
for  the  oxidation  of  hydrocarbon  fuels  under  mild  conditions,  and  carrying  out 
mechanistic  and  related  studies  on  the  chemistry  of  these  catalysts  in  order  to 
understand  and  improve  their  potential  performance  in  the  anode  of  a 
hydrocarbon-based  fuel  cell;  designing  multi-electron  transfer  complexes  as 
catalysts  for  the  direct  four-electron  reduction  of  dioxygen,  leading  to  improved 
cathodic  performance  in  an  oxygen-based  fuel  cell;  and  investigating  the 
potential  power  of  superacidic  electrolytes  to  improve  fuel  cell  performance. 
Among  the  scientific  conclusions  (see  the  Publications  below  for  a  more  complete 
accounting),  it  has  been  determined  that  a)  soluble  metal  complexes  do  offer 
potential  advantages  over  traditional  metal  surfaces  for  hydrocarbon  oxidation, 
although  simultaneously  optimizing  the  rate  and  potential  for  such  oxidations 
(as  is  needed  for  fuel  cell  application)  is  a  significant  challenge  that  has  not  yet 
been  solved;  b)  direct  four-electron  reduction  of  O2  has  been  achieved  by  a 


catalyst  capable  of  multiple  electron  transfer;  and  c)  a  new  liquid  feed  fuel  cell 
that  operates  directly  on  organic  fuels  such  as  methanol,  and  that  includes  a 
superacidic  surfactant  as  an  important  component,  has  achieved  levels  of 
performance  that  significantly  improve  on  previous  work. 
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